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(57) A telecommunications network environment 
( 1 0) includes a signaling server (20) accessible by main- 
tenance interfaces (12) and network interfaces (14). The 
signaling server (20) includes a signaling link controller 
(83) that receives and processes signaling information 
received from network elements and other signaling 
servers. The signaling link controller (83) extracts a data 
portion of the signaling information for message transfer 
part level two processing. For additional processing, the 
data portion of the signaling information may be routed 
over an Ethernet switch (76) to another signaling link 
controller (83) or to a signaling services controller (99) 
for signaling connection control part processing. The 
signaling services control element (99) may perform lo- 
cal number portability lookup and global title translation 
on the received data portion. After processing, the sig- 
naling link controller (83) generates a return message 
in response to the signaling information. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates in general to tel- 
ecommunications network processing and more partic- 
ularly to a signaling server for processing signaling in- 
formation in a telecommunications network. 

BACKGROUND OF THE INVENTION 

[0002] SS 7/C7 packet signaling has become the com- 
munication medium of choice between telephony net- 
works and network elements worldwide. These flexible 
but complex multilayered ANSI/ITU based protocols 
have replaced the relatively primitive signaling and 
switching techniques developed in the early days of te- 
lephony. Today, they provide the interface that binds the 
autonomous networks together to provide a one net- 
work transparency that telephone subscribers have 
come to expect. The exponential increase in the number 
of local telephone lines, mobile telephone subscribers, 
pagers, and fax machines coupled with deregulation is 
driving a demand for small size high capacity signal 
transfer points (STP). These STPs must be easy to 
maintain, provide full SS7/C7 functionality, and provide 
the capability to support future functionality, features, 
and expansion as the need arises. Further, with the ad- 
vent of Advanced Intelligent Network (AIN) services/ 
STPs were used in conjunction with SCPs to support 
such capability. However, to reduce equipment costs, 
network facility costs, maintenance costs, and network 
complexity, a single flexible platform is needed to sup- 
port large database, high transaction AIN services, and 
high capacity packet switching. Therefore, it is desirable 
to have a STP that can handle the telephony demands 
of today and well into the future. 

SUMMARY OF THE INVENTION 

[0003] From the foregoing, it may be appreciated by 
those skilled in the art that a need has arisen for a flex- 
ible and robust signaling server. In accordance with the 
present invention, a signaling server for processing sig- 
naling information in a telecommunications network is 
provided that substantially eliminates or reduces disad- 
vantages and problems associated with conventional 
signal transfer points. 

[0004] According to an embodiment of the present in- 
vention, there is provided a signaling server for process- 
ing signaling information in a telecommunications net- 
work that includes a signaling link controller operable to 
receive signaling information from a network element. 
The signaling link controller extracts a data portion from 
the signaling information and processes the data portion 
of the signaling message. The signaling link controller 
generates a return message in response to processing 
of the data portion of the signaling information. An Eth- 
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ernet switch is operable to route the data portion for fur- 
ther processing. 

[0005] The present invention provides various techni- 
cal advantages over conventional signal transfer points. 
For example, one technical advantage is to implement 
an Ethernet routing capability within the signaling serv- 
er. Another technical advantage is to provide local 
processing of signaling information. Yet another techni- 
cal advantage is to provide complete redundancy of op- 
eration and efficient selection between active and stand- 
by elements. Other technical advantages may be readily 
ascertainable by those skilled in the art from the follow- 
ing figures, description, and claims. 
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[0006] For a more complete understanding of the 
present invention and the advantages thereof, refer- 
ence is now made to the following description taken in 
conjunction with the accompanying drawings, wherein 
like reference numerals represent like parts, in which: 
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FIGURES 1 A-1 B illustrates block diagrams of a net- 
work environment for a signaling server; 
FIGURE 2 illustrates a simplified block diagram of 
the signaling server; 

FIGURE 3 shows control elements that support the 
SS7 subsystem and associated services for the sig- 
naling server. 

FIGURES 4A-4B illustrate detailed block diagrams 
of an embodiment of the signaling server; 
FIGURE 5 shows a block diagram of alarm distribu- 
tion in the signaling server. 

FIGURES 6A-6D show the clock distribution in the 
signaling server. 

FIGURES 7A-B illustrate a physical interface for 
signaling links coupled to the signaling server. 
FIGURES 8A-8C illustrate detailed block diagrams 
of another embodiment of the signaling server; 
FIGURE 9A-9C illustrate a physical layout for the 
signaling server; 

FIGURES 1 0A-D illustrate individual shelf configu- 
rations for the signaling server physical layout; and 
FIGURES 1 1 A-1 1B illustrate an example of a card 
layouts for each shelf. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] FIGURES 1 A and 1B are block diagrams of a 
network environment 10. Network environment 10 in- 
cludes maintenance interfaces 12 and network interfac- 
es 14. Maintenance interfaces 12 and network interfac- 
es 14 couple to a signaling server 20. 
[0008] Maintenance interfaces 12 provide access to 
signaling server 20 for operations, administration, and 
maintenance functions. Signaling server 20 may be ac- 
cessed through various types of interfacing techniques. 
For example, signaling server 20 may be accessed 
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through a corporate network 22, an Internet Protocol 
(IP) network 24, or low speed local maintenance termi- 
nals 26. Access to signaling server 20 may also be at- 
tained through an X.25 network 28. Maintenance infor- 
mation for signaling server 20 may also be provided and 
stored by tape devices 25, magnetic optical devices 
(MOD 27, and/or compact disk read only memory 
(CDROM) devices 29. Signaling server 20 may provide 
control outputs to customers and receive sense inputs 
from customers. 

[0009] Corporate network 22 may provide a commu- 
nication capability between signaling server 20 and one 
or more personal computers 30 within the corporation, 
communication may be achieved through a graphical 
user interface 32 using any type of communication for- 
mat to include an Ethernet 34 based communication 
protocol. Moreover, a standalone corporate computer 
33 may be coupled directly to graphical user interface 
32 without interfacing through corporate network 22. In- 
ternet Protocol network 24 may provide a communica- 
tion capability between signaling server 20 and one or 
more personal computers 30 similar to corporate net- 
work 22. Personal computers 30 may couple directly to 
Internet Protocol network 24 or through any of various 
interfaces such as a Signaling Engineering and Admin- 
istration system 36. Communication between Internet 
Protocol network 24 and signaling server 20 may be car- 
ried out using a Common Management information 
Service 38 through Ethernet 34 or any of various con- 
ventional communication techniques. Low speed local 
maintenance terminals 26 may communicate with sign- 
aling server 20 through switches 40 or No. 2 Switching 
Control center 42 over RS-232 links 44 or any other con- 
ventional communication technique. Low speed local 
maintenance terminals 26 may provide logging and/or 
critical indicator functions as well as other conventional 
maintenance features. X.25 network 28 may communi- 
cate with signaling server 20 through an X.25 interface 
46 and a V.35/RS-449 link 48. 

[001 0J Network interfaces 1 4 provide network access 
to signaling server 20. Power requirements for signaling 
server 20 may be provided by a power distribution frame 
50. Power distribution frame 50 supplies primary and 
secondary distribution power to signaling server 20 
along with a signal ground and a frame ground. Tele- 
communication traffic, including data, control, and sign- 
aling, is communicated to and from signaling server 20 
by a main distribution frame 52. Main distribution frame 
52 communicates with signaling server 20 using any of 
a variety of conventional telecommunications signals 
and protocols, including DS0A ; T1 channelized, T1 
ATM, T1 HDLC, E1 channelized, E1 HDLC, and OC-3c 
(ATM) techniques. Clock reference inputs are provided 
to signaling server 20 from elements within network en- 
vironment 10. Signaling server may receive clock sig- 
nals from such interfaces as a time of day unit 54, a com- 
posite clock unit 56, a DS1/E1 unit 58, a 5 MHz unit 60, 
and a 1 .544/2.048 MHz unit 62. Signaling server 20 may 



provide clock reference outputs through a composite 
clock unit 64. Network elements may also interface with 
signaling server 20 through an Internet Protocol network 
66 using a SS7/IP interface 68 and an Ethernet link 69. 

s [001 1 ] FIGURE 2 is a block diagram of signaling serv- 
er 20. Signaling server 20 includes common functions 
70, call server specific functions 72, and signaling server 
specific functions 74 that communicate using a local 
Ethernet switch 76. Common functions 70 include a 

io clocking and alarming unit 80, a peripheral and load unit 
81, an operations, administration, and maintenance 
(OAM) agent 82, a signaling link controller (SLC) 83, a 
signaling management control element (SMCE) 84, a 
traffic metering and measurement control element 

is (TMMCE) 85, an Internet protocol signaling node (IPS) 
86, and a message transfer part level 3 control element 
(L3CE) 87. Call server specific functions 72 include a 
local service control point (LSCP) 90, a billing server 91 , 
an intelligent network control element (INCE) 92, a trunk 

20 resource allocator control element (TRACE) 93, a line/ 
trunk control element (LTCE) 94, a resource manager 
(RM) 95, a connection control manager (CCM) 96, and 
an administration and operator requested job control el- 
ement (ADMCE) 97. Signaling server specific functions 

25 74 include a database management control element 
(DMCE) 98 and a signaling service control element 
(SSCE) 99. 

[0012] Signaling server 20 features a distributed ar- 
chitecture of loosely coupled computing, or control, el- 

30 ements networked together via Ethernet switch 76. 
Each control element performs discrete functions in the 
control and maintenance of particular devices and in the 
control of signaling, administrative, or maintenance 
functions. Internal message processing functions are 

35 provided using high-speed Ethernet switching technol- 
ogies to implement peer to peer control element com- 
munication. All control elements and peripheral equip- 
ment affecting more than one signaling link may be con- 
figured redundantly to prevent any single point failure 

to from affecting operation of signaling server 20. Software 
is layered in a standard S12 organization. Applications 
may be standard finite message machines used 
throughout the S12 organization. Applications pass 
messages using standard S1 2 messaging mechanisms 

45 with such modifications as necessary to allow messag- 
es to be transmitted through Ethernet switch 76. 
[0013] FIGURE 3 shows control elements that sup- 
port the SS7 subsystem and associated services. These 
control elements include SSCE 99, DMCE 98, SLCE 83, 

so SMCE 84, and TMMCE 85. Each control element has 
two, preferably 100 Megabit, Ethernet connections 
wherein SS7 bearer traffic is sent between control ele- 
ments. Control elements may be configured as mated 
pairs operating in an active/standby mode or in some 

55 form of N:1 redundancy scheme. SSCEs 99 may be 
configured as a load shared group of simplex proces- 
sors with DMCE 98 active/standby pair performing man- 
agement of the SSCE 99 processor pool. SLCEs 83 are 
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coupled via a mate link for fast fault detection and re- 
covery. SS7 synchronization messages may be sent be- 
tween SLCEs 83 over their associated mate link con- 
nection to allow SS7 link state machines to stay syn- 
chronized. Upon detection of an error on the active 
SLCE 83, the standby SLCE assumes responsibility for 
processing the SS7 traffic without having a link failure. 
Origination of synchronization data over the mate link 
connection and the detection of failures is performed by 
a mate link field programmable gate array (FPGA) on 
SLCE 83. 

[0014] Peripheral and load unit 81 provides mainte- 
nance and surveillance functions of all control elements 
and periphe? al equipment in signaling server 20. Periph- 
eral and load unit 81 processes user commands and dis- 
patches them to the appropriate control element, pro- 
vides maintenance processing on processors and de- 
vices in signaling server 20 in order to restore and/or 
remove them into/from service, and receives and proc- 
esses detected faults. Peripheral and load unit 81 also 
processes ail test requests for processors and devices, 
handles processing events output to the user 79, proc- 
esses alarms presented to the user 79, sends alarm in- 
formation to customer equipment, and processes post- 
mortem data from processor crashes. Signaling server 
20 initialization is performed by peripheral and load unit 
81. 

[0015] OAM agent 82 is preferably a Unix based proc- 
essor connected to Ethernet switch 76 and into the in- 
ternal Ethernet network of signaling server 20. OAM 
agent 82 provides the primary OAM function for signal- 
ing server 20. OAM agent 82 is not a control element 
and thus is not controlled or provisioned by peripheral 
and load unit 81 . OAM agent 82 provides graphical user 
interface capabilities and operation support system 
(OSS) services and passes information to and from pe- 
ripheral and load unit 81 over Ethernet switch 76 con- 
nections. Though OAM agent 82 is the uppermost com- 
ponent in the logical control hierarchy for OAM, periph- 
eral and load unit 81 is not dependent on OAM agent 
82 to provide control within signaling service 20 and can 
initialize and control signaling server 20 independent of 
OAM agent 82. 

[0016] FIGURES 4A-4C are detailed block diagrams 
of signaling server 20. Clocking and alarming unit 80 in- 
cludes a clock distribution transition module (CDTM) 
100 and a bus control transition module (BCTM) 102. 
Clock and alarming unit 80 utilizes a multi-stage clock 
distribution scheme. CDTM 100 is the distribution point 
in the multi-stage clock distribution scheme. CDTM 1 00 
performs clock distribution for the signaling server 20 
system and frame. For one frame configurations, sign- 
aling server 20 uses a single CDTM 1 00 pair. For two to 
eight frame configurations, signaling server 20 uses two 
stages of CDTMs 1 00. For nine to ninety-six frame con- 
figurations, signaling server 20 uses three stages of 
CDTMs 100. CDTM 100 receives clock inputs from pe- 
ripheral and load unit 81 . CDTM 100 distributes copies 



of its output clocks and super frame indicator to the local 
shelf and each of the other shelves in its frame or to 
otherframes in the system depending on signaling serv- 
er 20 configuration. CDTM 100 also receives reference 
5 clock signals from each of the shelves of frames. Or 
reference clock signal is selected and transmitted to pe- 
ripheral and load unit 81. CDTM 100 also commands 
and controls a system alarm panel 104. CDTM 100 de- 
codes the super frame indicator and asserts an appro- 
*o priate indicator or audible output on alarm panel 104. 
[0017] BCTM 102 is the third layer in the multi-stage 
clock distribution scheme behind peripheral and load 
unit 81 and CDTM 100. BCTM 102 performs clock dis- 
tribution for a half shelf in a frame with each half shelf 
'5 including one BCTM 102. Each BCTM 102 receives 
clock inputs from CDTM 1 00 and its mate. BCTM 1 02 
selects one of the two inputs for distribution to each card 
slot in the half shelf. BCTM 1 02 receives a reference 
clock signal and alarm status from occupied card slot 
20 and selects one reference signal for transmission to 
CDTM 100. BCTM 102 extracts reset information from 
the super frame indicator and asserts or negates the 
corresponding card slot reset signal. BCTM 102 is the 
slot controller for unoccupied card slots. BCTM per- 
^5 forms card slot activities such as bus arbitration, clock 
sourcing, and basic hot swap control and monitoring. 
[0018] System alarm panel 1 04 provides critical, ma- 
jor, and minor visual and audible indicators for signaling 
server 20. System alarm panel 1 04 is controlled by pe- 
so ripheral and load unit 81 through a memory mapped in- 
put/output operation. Information is placed in the appro- 
priate super frame indicator field and transferred to 
CDTMs 100. Each occupied card slot reports its health 
status to its corresponding BCTM 1 02. Each BCTM 1 02 
35 reports its half shelf status to its corresponding CDTM 
100. Each CDTM 100 provides its alarm status to pe- 
ripheral and load unit 81 . Peripheral and load unit 81 
translates the alarm status information and controls sys- 
tem alarm functions via the memory mapped input/out- 
40 put operation. FIGURE 5 shows a block diagram of 
alarm distribution for system alarm panel 104. 
[0019] Peripheral and load unit 81 includes a cPCI 
system timing generator (CSTG) 106, a control and 
sense peripheral (CSP) 1 08, a peripheral and load con- 
trol element (PLCE) 110, a tape and disk (TAD) device 
112, a magnetic optical disk (MOD) device 114, and an 
access terminal 116. CSTG 106 is the first point in the 
multi-stage clock distribution scheme. CSTG 106 re- 
ceives clock inputs from network interfaces 14 and gen- 
erates appropriate clock outputs for signaling server 20. 
CSTG 1 06 provides clock outputs to CDTMs 1 00 for dis- 
tribution to BCTMs 1 02 and individual card slots. CSTG 
1 06 also collects system alarms and status gathered by 
CDTMs 100. CSP 108 provides a capability to receive 
and process customer alarm control points and alarm 
sense points. PLCE 110 controls the function of CSP 
108 through memory mapped input/output register ac- 
cesses. FIGURES 6A-6D show the clock distribution in 
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signaling server 20. 

[0020] Signaling link controller 83 performs termina- 
tion and generation of signaling messages for signaling 
server 20. Signaling link controller 83 includes the cir- 
cuitry to terminate a received message signaling unit, 
extract the data portion of the message signaling unit, 
and transmit the data portion as necessary through Eth- 
ernet switch 76. Traditional STPs switch the received 
message in its received format and allow the message 
to be terminated elsewhere. Signaling link controller 83 
includes a DS0A interface module (DIM) 120, a DS0A 
transition module (DTM) 122, an application node DS0A 
transition module (ANDTM) 124, and a signaling link 
control element (SLCE) 1 26. DTM 1 22 and DIM 1 20 pro- 
vide the interface to preferably 24 DS0A signal lines. 
DTM 1 22 provides all connection capabilities to DIM 1 20 
and ANDTM 124. DIM 120 multiplexes its 24 independ- 
ent DS0A Inputs to a 32 channel byte interleaved serial 
bit stream for ANDTM 1 24. DIM 1 20 receives a 32 chan- 
nel byte interleaved serial bit stream from ANDTM 124 
for demultiplexing back to 24 individual DS0A interfac- 
es. ANDTM 124 provides a physical interface between 
DIM 120 and SLCE 126. ANDTM preferably supports 
two independent interfaces to DIM 120 each capable of 
processing a 32 channel multiplexed serial link. ANDTM 
124 also provides connectorization for the mate link 
function and Ethernet interfaces. Signaling information 
may be received at ANDTM 124 directly from T1/E1 
links. ANDTM 124 includes a framer to provide the in- 
terface for the T1/E1 links to SLCE 126. The physical 
interface for DSOA and T1/E1 are shown in FIGURES 
7A and B, where TETM is a T1/E1 transition module 
123. TETM provides the physical interface between two 
individual T1 or E1 links and a single SLCE 126. 
[0021] SLCE 126 controls the signaling link, prefera- 
bly SS7, hardware and supports message transfer part 
(MTP) levels 2 and 3, SS7 link management, signaling 
connection control part (SCCP) with global title transla- 
tion (GTT), and gateway screening (GWS) functionality. 
The SS7 software architecture is split between SLCE 
126, SSCEs 99, DMCE 98, and SMCE 84. Basic SS7 
services, such as MTP and SCCP are performed in 
SLCE 1 26. A subset of the MTP and the SCCP layer are 
also present in SSCEs 99. The MTP layer provides up- 
date and message routing capabilities. The SCCP layer 
provides GTT and database update capabilities. SLCE 
126 also performs link testing functions. 
[0022] In order to preserve redundancy, all message 
signal units received from the external SS7 network over 
the DSOA orT1/E1 signaling links are provided to both 
a primary and redundant SLCE 126. Message signal 
units are fully processed by the appropriate MTP level 
2 or 3 function of the active SLCE 126. The standby 
SLCE 126 performs MTP level 2 functions in order that 
the received SS7 sequence numbers are kept track in 
both SLCEs 126. Message signal units from other 
SLCEs 126, SSCEs 99, or any other device that origi- 
nates SS7 messages like SMCE 84 are received by the 



MTP level 2 function of the both SLCEs 1 26 and are fully 
processed with the standby SLCE 126 discarding the 
message signal unit after processing. Periodically, link 
status and sequence numbers for all links of a SLCE 
5 126 are sent from the active SLCE 126 to the standby 
SLCE 126. This information is sent in the smallest pos- 
sible time period in order to keep the sequence numbers 
in unison between the mated SLCEs 126 and have the 
standby SLCE 1 26 smoothly take over in the event of a 
failure in the active SLCE 1 26. 

[0023] There is a bit mapped bi-directional serial link, 
a mate link, connecting each SLCE 126. The mate link 
provides for the timely detection of failure in the active 
SLCE 126 in order that the standby SLCE 126 can take 
over operation and handling of the SS7 signaling links. 
Using data received over the mate link, the standby 
SLCE 126 uses the sequence numbers last allocated 
and observed by the active SLCE 126. Both active and 
standby SLCEs 126 are coupled to each external SS7 
signaling link in order to receive and transmit signaling 
traffic. Transmission onto the external SS7 signaling 
links is performed by the active SLCE 126 as controlled 
by hardware drivers that allow only one SLCE to have 
control of the transmission side of the links at any one 
time. The mate link insures that signaling links do not 
fail in the event of a simplex failure. Information provided 
across the mate link includes such items as hardware 
state, software state, link state, receive sequence num- 
bers, transmit sequence numbers, and information for 
the standby SLCE 126 to take over handling of the ap- 
propriate link. 

[0024] SSCE 99 does not control SS7 signaling relat- 
ed hardware but does contain logical databases and 
screening services for the SS7 subsystem. SSCE 99 
performs application location routing (ALR), mobile 
number portability (MNP), local number portability 
(LNP) services, SCCP with GTT, GWS, and MTP buff- 
ering and routing. SSCE 99 is configured as a load share 
pool of control elements for SS7 message traffic 
processing. Signaling traffic is distributed to SCCP ap- 
plications across all SSCEs 99 from the SCCP in the 
SLCEs 126. Once a message is processed by an SSCE 
99, the message signal unit is forwarded to both SLCEs 
126 associated with the output link. SSCEs 99 are man- 
aged locally within each processor in order that SCCP 
queries are not distributed to applications before they 
are ready to accept signaling traffic. When applications 
are ready to process signaling traffic and queries, an ap- 
plication status indicator is updated. Upon a change in 
status, the application status indicator is distributed to 
SLCEs 126 and SMCEs 84 so that MTP and SCCP ap- 
plications therein can redistribute signaling traffic ac- 
cordingly. 

[0025] DMCE 98 includes the LNP/ALR database 
management and monitoring functions for the SSCEs 
99. DMCE 98 is preferably configured as an active/ 
standby pair of processors. DMCE 98 also maintains an 
overall status of applications residing on SSCEs 99. The 
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active D*MCE 98 maintains an application ready status 
for the SS7 applications residing in the SSCE 99 proc- 
essor pool. SMCE 84 manages the SS7 signaling sub- 
system. SMCE 84 performs SS7 route management, 
traffic management, and provisioning as well as SCCP 
management. SMCE 84 includes all MTP network man- 
agement, traffic management, and route management 
functions, other than response mode functions. Re- 
sponse mode functions, where an immediate response 
is required to an incoming MTP network management 
message, are performed locally in the SLCE 126 that 
supports the incoming link. SMCE 84 is the database 
master node for the MTP, MTP GWS, SCCP, GTT, SC- 
CP GWS, operations/maintenance/administration part 
(OMAP), and transaction capabilities application part 
(TCAP) databases. SMCE 99 supports the local MTP 
routing function of SSCEs 99 and is responsible for de- 
termining the destination processor and outgoing linkfor 
all locally originated MTP management, SCCP manage- 
ment, and MTP routing verification test messages. 
SMCE 84 processes any changes in the database rela- 
tions as it pertains to MTP and SCCP. SMCE 84 is the 
database master for MTP and SCCP relations. If verifi- 
cation of the change in a relation being updated is suc- 
cessful, thechange is distributed to the control elements 
that contain the associated relation. The change is then 
written to disk. Once an update is made in SMCE 84, 
dynamic work tables used in the SS7 subsystem are al- 
so updated. These updates are distributed to those con- 
trol elements that require updating. If an update is for a 
relation pertaining to a LNP/ALR application in an SSCE 
99, the update is first sent to the DMCE 98 pair that is 
the database master for the associated relation. 
[0026] MTP Level 2 routing functions support Ameri- 
can National Standards Institute (ANSI)/Bellcore SS7 
with provisions for International Telecommunications 
Union (ITU) and Japan standards. All aspects for MTP 
Level 2 peer to peer flow control using either Basic Error 
Correction (BER) or Preventive Cyclic Retransmission 
(PGR) are performed. Configuration and operation to all 
MTP Level 2 provisionable parameters and timers are 
provided, the MTP Level 2 routing function provides ac- 
cess to signaling link status, reports internal errors and 
failures, provides diagnostic capabilities for internal op- 
eration and mate link, maintains sequence numbers for 
transmitted and received message signal units, and 
transfers messages between SLCE 126 host processor 
and local buffers. Preferably, DSOA, T1, and E1 signal- 
ing links are supported. Generation, termination, and 
replication of fill-in signal units and link status signal 
units can be achieved. SLCE 126 includes link manage- 
ment software to control the signaling links. Responses 
and status may be forwarded to link management on 
SMCE 84. Link management on SLCE 126 triggers link 
alignment for all links under its control. The link man- 
agement function waits on a message from SCCP indi- 
cating initialization is complete before starting link align- 
ment. Link testing functions for individual SS7 signaling 



links is performed by the link management function of 
the SLCE 126. 

[0027] The main MTP Level 3 routing function is per- 
formed on SLCE 1 26. Once MTP discrimination and dis- 

5 tribution have determined that a message received from 
the MTP Level 2 routing function is for another node/ 
point code in network environment 10, the MTP Level 3 
routing function is executed. The MTP Level 3 routing 
function is also implemented if SCCP in SLCE 126 re- 

10 quires a message to be routed via a MTP signaling link, 
either as a result from a GTT, connection oriented serv- 
ices requires a message to be routed, or SCCP has re- 
ceived a message from a local application that requires 
MTP routing. The MTP Level 2 routing function is able 

*5 to send messages to other SLCEs 1 26 as well as other 
links on the SLCE 126. Where MTP discrimination and 
distribution has determined that a received message 
from the MTP Level 2 routing function is for a local user 
part, such as SCCP, the distribution function is invoked. 

20 |f the message is for SCCP, the message is sent to SC- 
CP co-located with the MTP function. If a MTP network 
management message is received that requires a re- 
sponse mode type of response, the message is also lo- 
cally processed with a response sent to the message 

25 originator. Other user parts may be located in separate 
processors or pools of processors. Forthis situation, the 
distribution function delivers the message to the proc- 
essor or processor pool associated with that application. 
A subset of the MTP Level 3 routing function, buffering 

30 and routing, is located in those nodes that require mes- 
sages be routed via a MTP signaling link. In this manner, 
any service in any application node may route messag- 
es directly through the MTP Level 2 routing function in 
a signaling node associated with the outgoing link, the 
35 MTP Level 3 routing function, either main or local, may 
accept requests to transfer messages from a local user 
part. 

[0028] The SCCP routing function is present in both 
SLCE 126 and SSCE 99. If a message is destined for 

to the local node and the message indicates it is for SCCP, 
the SCCP routing function is invoked. A GTT database 
exists in the SCCP layer of both SLCE 126 and SSCE 
99 to accommodate SCCP GTT services. The GTT da- 
tabase supports GTT required after a LNP lookup has 

^5 been performed. If SCCP routing determines that a re- 
ceived message is for SCCP management, the mes- 
sage is sent to SMCE 84 for processing. When a mes- 
sage that requires GTT translation is received, the mes- 
sage may be sent to one of the processors in the pool 

50 of SSCEs 99 and GTT is performed at the appropriate 
SSCE 99. 

[0029] The SCCP distribution function in SLCE 126 
determines if a received SCCP message is a connec- 
tionless or connection-oriented message. If the SCCP 
55 message is a connection-oriented message, the mes- 
sage may be discarded and an error report generated if 
connection-oriented services are not supported or the 
message may be provided to those application which 
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support connection-oriented services for processing. If 
the received SCCP message is connectionless, the 
message is forwarded locallytothe SCCPIayer in SLCE 
126. The SCCP layer examines the Called Party Ad- 
dress (CPA) in the message to determine if GTT is re- 5 
quired. If so, GTT is performed locally or through an 
SSCE 99. If the message is for a local application, such 
as LNP services, a round robin scheme is preferably 
used in each SLCE 126 to distribute such messages to 
the pool of SSCEs 99. The message is subsequently 10 
sent to a TCAP layer of the winning SSCE 99 and then 
to LNP for database lookup. After database lookup, the 
message is sent to the SCCP layer in SSCE 99 for post 
LNP processing and possibly GTT. Once SCCP routing 
has completed, the message is returned to the local 15 
MTP routing layer in SLCE 126 for routing and then to 
the associated MTP Level 2 routing function for the out- 
going link. 

[0030] Signaling server 20 performs MTP and SCCP 
SEAS gateway screening in accordance with GR- 20 
82-CORE. Gateway screening is performed on those 
linksets marked as gateway linksets. A policing function 
is performed on a system basis according to ITU-T Q. 
705. Signaling server 20 performs two types of screen- 
ing - MTP and SCCP. MTP screening is performed in 25 
SLCE 126, SSCE 99, and SMCE 84. SCCP screening 
is performed in SLCE 126 and SSCE 99. The MTP 
screening function on SLCE 126 screens all messages 
received on an enabled gateway link for thru-switched 
and terminated messages. The message passes MTP 30 
screening upon determining that it is destined for the lo- 
cal SCCP layer. The message then proceeds to SCCP 
screening. If the message requires GTT, SCCP screen- 
ing is performed after GTT occurs. SCCP screening 
may be performed in any control element that includes 35 
the SCCP routing function. The SCCP layer in SLCE 
1 26 may perform SCCP screening on the CPA, including 
the Global Title Address (GTA) field. MTP outbound 
screening in SLCE 126 is performed after any SCCP 
screening is finished. SCCP screening in SSCE 99 is *o 
performed for SCCP messages after a LNP lookup and/ 
or a GTT has occurred. MTP outbound screening in 
SSCE 99 is performed after SCCP routing has been per- 
formed according to the results of the LNP lookup. 
SMCE 84 performs MTP outbound screening for MTP 45 
network management messages and SCCP manage- 
ment messages. 

[0031] OAM agent 82 includes an OAM control ele- 
ment (OAMCE) 130 ; TAD A 132, external Ethernet in- 
terface 136, and RS-232 interface 138. OAM agent 82 so 
provides a user interface to signaling server 20, support- 
ing both local and remote access to the system. A web 
access capability is included to access through a web 
browser from a remote work station or computer. OAM 
agent 82 is the master of the system and provides an 55 
OAM interface to the rest of network environment 10. 
OAM agent 82 is the central point for management, 
alarm reporting, human machine interface, and OSS ap- 



plications. Most of the operating system nucleus (OSN) 
OAM functionality is delegated to PLCE 110 to allow 
OSN based components to be managed in a manner 
more consistent with the traditional S12 system and 
avoid duplication of functionality between PLCE 110 and 
OAMCE 130. 

[0032] OAM agent 82 has a full duplex redundancy 
configuration with both planes configured to run in an 
active state. This configuration permits active applica- 
tions to exist on either node on an individual basis. Ap- 
plications are configured to operate in an active/standby 
configuration so that only one instance of an application 
is active at any particular time. This configuration is de- 
signed to allow active applications to execute a protec- 
tion switch to the standby application instance individu- 
ally so that a failure of one application will norforce other 
unrelated applications to perform unnecessary protec- 
tion switches. This configuration also results in a load 
sharing of application processing between the redun- 
dant OAM agents 82 without compromising application 
redundancy. It also removes the potential for coupling 
of active/standby status between unrelated applications 
which may depend upon different resources, such as 
serial and Ethernet links, which could fail on alternate 
planes. 

[0033] OAMCE 130 preferably operates using a So- 
laris Operating System. OAMCE 130 provides a SEAS 
interface for operations staff access to signaling server 
20 for administration of the SS7/C7 signaling databases 
and monitoring of SS7/C7 performance. The SEAS in- 
terface allows for the ability to collect traffic load data, 
utilization data, and performance data on ail SS7/C7 
components and includes data regarding gateway traffic 
and gateway screening rejections. The SEAS interface 
is the mechanism for retrieving TMM reports used to 
monitor the SS7/C7 components. Scheduled, autono- 
mous, and on-demand TMM reporting are supported. 
TMM data is stored on TAD A 132. 
[0034] OAMCE 1 30 includes a No. 2 Switching Con- 
trol center (SCCS) to remotely monitor and control sig- 
naling server 20. This interface allows customers to 
manage network elements via SCCS network fault man- 
agement equipment. SCCS operations staff use three 
types of interfaces to manage signaling server 20 - ac- 
cess to OAM 82 graphical user interfaces, a critical in- 
dicator channel, and a logging channel. Graphical user 
interface provides control and maintenance access to 
signaling server 20. The critical indicator and logging 
channels provide monitoring interfaces to signaling 
server 20. Graphical user interfaces are preferably ac- 
cessed by a web browser via an Ethernet connection. 
The critical indicator and logging channels are prefera- 
bly asynchronous connections. 

[0035] OAMCE 1 30 supports a local service manage- 
ment system (LSMS) for operations system and data- 
base administration. Configuration management/mem- 
ory administration are provided. LSMS facilitates the 
transfer of messages and operation data to signaling 
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server 20. in order to support local number portability. 
The downloaded data is used to maintain the LNP sub- 
scriber database and the LNP GTT database. Imple- 
mentation of LSMS may use an Ethernet connection 
based on Common Management Information Service 5 
Element (CMISE). The main focus of CMISE is on a net- 
work management information base used for LNP. Net- 
Pilot is a version of LSMS. 

[0036] TMMCE 85 is the central collection mecha- 
nism for afl measurement data gathered in signaling io 
server 20. TMMCE 85 includes central data collection 
software that periodically sends polling messages to 
SLCE 126. SLCEs 126 provide TMM data previously 
pegged. Data collected from active and not standby 
units is transferred to OAM agent 82. OAM agent 82 re- 15 
ceives the TMM data and reformats it for storage on TAD 
A 132. After a collection period has been completed, 
OAM agent 82 provides a notification so that each reg- 
istered data provider is notified of the end of the collec- 
tion period. OAM agent 82 has the capability to retrieve 20 
TMM data and make it available to other applications 
[0037] FIGURES 8A-8C show additional details of sig- 
naling server 20 including the call server specific func- 
tions 72. 

[0038] Similar to the signaling server shown in FIG- 25 
UREs 4A-4C, some of the differences between FIG- 
URES 4A-4C and FIGURES 8A-8C are highlighted be- 
low. A local service control point (LSCP) with wireless 
roam, TCAP, small SCCP, and AIX functionality is cou- 
pled to Ethernet switch 76. A line/trunk control element 30 
(LTCE) 431 is coupled to Ethernet switch 76. Also cou- 
pled to Ethernet switch 76 are an administration and 
ORJ (operation request job) control element (ADMCE) 
432, a resource manager (RM) 433, an IP signaling 
node (IPS) 434, a billing server 435, an intelligent net- 35 
work control element (INCE) 436, a connection control 
manager (CCM) 437, a trunk resource allocator control 
element (TRACE) 438, and an MTP level 3 control ele- 
ment (L3CE) 439. 

[0039] FIGURES 9A-9C show a physical layout for 40 
signaling server20. Signaling server20 includes a basic 
rack 1 50 and one or more optional expansion racks 1 52. 
Basic rack 150 is partitioned into A and B redundant 
planes. Basic rack 150 includes A and B administration 
shelves 154, OAM shelves 156, and link shelves 158. 45 
A breaker/alarm panel 1 60 receives external powerfrom 
a customer for distribution of power among the various 
shelves. Each half shelf in basic rack 1 50 includes a fan 
162 to provide an internal cooling capability during op- 
eration. Storage devices MOD 27 and CDROM 29 are 50 
also provided. A plane and B plane Ethernet switches 
164 and 166 provide the communication capability be- 
tween each card within each shelf of basic rack 1 50. Ex- 
pansion racks 152 include additional link shelves 158 
as needed for desired signaling server 20 configuration. 55 
[0040] FIGURES 10A-D show individual shelf config- 
urations for signaling server 20. In Figure 10A, admin- 
istration shelf 154 includes a power supply unit (PSU) 



1 70, PLCE 110, TAD B 1 1 2, CSTG 1 06, CSP 1 08, SMCE 
84, and TMMCE 85 as well as transition modules asso- 
ciated therewith. Administration shelf 154 also includes 
CDTM 100 and BCTM 102 to distribute timing therein. 
In FIGURE 10B, OAM shelf 156 includes PSU 170, 
OAMCE 130, TAD A 132, TAD B 112, SCSI 134, RS- 
232 interface 136, and Ethernet interface 1 38 as well as 
associated transition modules. OAM shelf 156 also in- 
cludes CDTM 1 00 and BCTM 1 02. In FIGU RE 1 0C, links 
shelf 158 includes PSU 170, SLCE 126, DIM 120, 
ANDTM 124, DTM 122, CDTM 100, and BCTM 102. 
FIGURE 10DshowsaT1/E1 configuration for link shelf 
158 that uses T1/E1 transition modules 123 in place of 
ANDTM 124, DIM 120, and DTM 122. 
[0041] As shown, subrack level equipage, as op- 
posed to rack level equipage, is used along with front to 
back forced air cooling on a shelf basis. Also, compact 
Peripheral Component Interconnect (cPCI) form factor, 
backplane, and bus architecture have been implement- 
ed. The form factors defined for cPCI boards are based 
upon the Eurocard industry standard. cPCI supports a 
center backplane arrangement where printed circuit 
boards (PCBs) are plugged in on both sides of the back- 
plane using the same connector. The front PCB has ac- 
cess to the cPCI bus and includes most of the function- 
ality for the PCB pair. The rear PCB has limited func- 
tionality and is used to provide rear input/output access 
and rear EMC protection for the shelf. Signaling server 
20 uses a standard depth for its front PCBs. The rear 
PCBs, or transition modules (TM), are the same height 
as the front PCBs but with half the depth. 
[0042] cPCI is an adaptation of the PCI Specification 
for industrial and/or embedded applications requiring a 
more robust mechanical form factor than desktop PCL 
cPCI uses industry standard mechanical components 
and high performance connector technologies to pro- 
vide an optimized system for rugged applications. cPCI 
provides a system that is electrically compatible with the 
PCI Specification in order to allow low cost PCI compo- 
nents to be utilized in a mechanical form factor suited 
for rugged environments. Control elements are prefer- 
ably standard signaling server processors utilizing mo- 
bile Pentium II processors on compact peripheral com- 
ponent interface (cPCI) form factor cards. Hardware for 
the control elements is preferably based on an industry 
standard PCI Mezzanine Card (PMC) that connects as 
a daughtercard to the cPCI carrier card. Each shelf has 
identical subrack designs that provides two independent 
8 slot cPCI backplanes. 

[0043] A cPCI system is composed of one or more cP- 
CI bus segments. Each segment is composed of up to 
preferably 8 board locations. Two separate eight slot 
segments are used in each shelf. This split backplane 
configuration allows for total redundancy within each 
shelf. Each cPCI segment preferably includes one sys- 
tem slot and seven peripheral slots. The system slot 
board provides arbitration, clock distribution, and reset 
functions for all boards on the segment. The peripheral 
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slots may include simple boards, intelligent slaves, or 
PCI bus masters. For link shelves 1 58 in signaling serv- 
er 20, all slots are populated with peripheral slot cards 
and the system slot functionality is performed by BCTM 
102. Administration shelf 154 and OAM shelf 156 may 
house a system slot card or utilize the same concept as 
link shelf 158. 

[0044] A cPCI control element (CPCE) is the basic 
processor platform for signaling server 20. FIGURES 
11A-11B show an example CPCE 200. The CPCE in- 
cludes a base board 202 and preferably two PMCs 204 
and 206. All CPCEs include the S12 operating system 
and S12 applications. A common control element soft- 
ware interface is provided as a shielding layer to hide 
the hardware differences with existing S12 processor 
boards. An extended function terminal interface circuit 
is used to provide necessary timers needed by the S1 2 
operating system. An extension for the standard BIOS 
functions is provided. The CPCE base board 202 in- 
cludes a processor core, dynamic random access mem- 
ory, non-volatile memory, and a series of user interfac- 
es. The CPCE base board performs as a non-system 
slot controller and complies with basic hot swap speci- 
fications. Application specific hardware 208 resides on 
the PMC slots to provide the CPCE with the capability 
to perform predefined signaling server 20 operations. 
Application specific hardware may include a plurality of 
functional capabilities. The CPCE selects the appropri- 
ate functionality for the situation at hand. 
[0045] Thus, it is apparent that there has been provid- 
ed in accordance with the present invention, a signaling 
server that satisfies the advantages set forth above, Al- 
though the present invention has been described in de- 
tail, it should be understood that various changes, sub- 
stitutions, and alterations may be readily ascertainable 
by those skilled in the art and may be made herein with- 
out departing from the spirit and scope of the present 
invention as defined by the following claims. 



Claims 

1 . A signaling server for processing signaling informa- 
tion in a telecommunications network, comprising: 

a signaling link controller operable to receive 
signaling information from a network element, 
the signaling link controller operable to extract 
a data portion from the signaling information, 
the signaling link controller operable to process 
the data portion of the signaling message, the 
signaling link controller operable to generate a 
return message in response to processing of 
the data portion of the signaling information; 
an Ethernet switch operable to route the data 
portion for further processing. 

2. The signaling server of Claim 1 , wherein the sign- 



aling link controller is operable to perform message 
transfer part level two processing. 

3. The signaling server of Claim 1 , further comprising: 
5 a signaling services control element operable 

to receive the data portion of the signaling informa- 
tion from the Ethernet switch, the signaling services 
control element operable to perform signaling con- 
nection control part processing on the data portion. 

10 

4. The signaling server of Claim 3, wherein the sign- 
aling link controller is operable to determine wheth- 
er the data portion requires signaling connection 
control part processing, the signaling link controller 

'5 being operable to send the data portion to the sig- 
naling services control element through the Ether- 
net switch in response to a determination of signal- 
ing connection control part processing. 

20 5. The signaling server of Claim 4, wherein the sign- 
aling services control element is operable to per- 
form a local number portability lookup in response 
to the data portion of the signaling information. 

25 6. The signaling server of Claim 5, further comprising: 
a database management control element op- 
erable to manage a database for the local number 
portability lookup. 

30 7. The signaling server of Claim 1 , wherein the sign- 
aling link controller is operable to determine that sig- 
naling connection control part processing is to be 
performed on the data portion, the signaling link 
controller being operable to perform signaling con- 

35 nection control part processing of the data portion. 

8. The signaling server of Claim 5, wherein the sign- 
aling link controller is operable to perform global title 
translation on the data portion of the signaling infor- 

40 mation. 

9. The signaling server of Claim 1 , wherein the sign- 
aling information is received over a DS0 signaling 
link. 

45 

10. The signaling server of Claim 1 , wherein the sign- 
aling information is received overaT1/E1 signaling 
link. 

50 11. A method of processing signaling information in a 
telecommunications network, comprising: 

receiving signaling information from a signaling 
link; 

55 extracting a data portion of the signaling infor- 

mation; 

routing the extracted data portion over an Eth- 
ernet switch for further processing. 
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12. The method of Claim 11, further comprising: 

performing message transfer part level two 
processing on the extracted data portion. 

13. The method of Claim 12, further comprising: s 

performing signaling connection control part 
processing on the extracted data portion. 

14* The method of Claim 13, further comprising: 

performing a local number portability query on 10 
the extracted data portion. 

15. The method of Claim 14, further comprising: 

performing a global title translation process 
on the extracted data portion. 15 

The method of Claim 11 , further comprising: 

generating a return message in response to 
the processing. 

20 

The method of Claim 13, further comprising: 

determining whether the data portion is con- 
nectionless or connection-oriented. 

18. The method of Claim 1 7, further comprising: 25 

discarding the extracted data portion in re- 
sponse to a connection-oriented determination. 

19. The method of Claim 12, further comprising: 

30 

determining that the signaling information is for 
another node; 

performing message transport part level three 
processing on the extracted data portion. 

35 

20. The method of Claim 11 , further comprising: 

selecting one of a plurality of signaling serv- 
ices control elements in a round-robin fashion to 
perform further processing on the extracted data 
portion. 40 
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